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1. Compare Meteosat
& ARM AZORES
Radar-MWP retrievals
(low-level clouds),
CERES new GEO
product

2. Compare CERES-
MODIS & ARM

(for low-level clouds)

3. Compare CERES-
MODIS & ARM

(Multilayered clouds)

Three Objectives

e Cloud heights/temperatures
o Effective radius/LWP/optical
 Day and night

e Cloud heights/temperatures
e Effective radius/LWP/optical
 Day and night

e ARM radar measured highest cloud
top, CERES/MODIS retrieved ice top;

 ARM radar-lidar measured lowest
cloud base with CERES/MODIS
retrieved water base.



Data and Methods

Surface

* Height/Temp: WACR/MPL/
Ceilometer & Merged
soundings

e re/LWP/tau 1-hr average:
a. Day algorithm —
Dong et al 1998, Dong& Mace 2003

b. Night algorithm-

Dong & Mace 2003 (radar
reflectivity+LWP)

Satellite

e Algorithms, Ed4 versions:
- day: VISST
- night: SIST
(Minnis et al., 2011;
Sun-Mack et al., 2012)

 Area centered on ARM
site
a. Meteosat: 20-km radius
b. CERES-MODIS, 30 km box



Why we chose Low-level clouds for this study
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Low-level clouds are dominant over AZORES (~ 43% of total clouds)



Objective 1

Comparison between Meteosa_
AZORES Radar-MWP ret'
- Low-level clouds, 649 day and 70
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ARM vs. CERES
Meteosat retrievals:

» Meteosat (Msat)
cloud base & tops too high

* LWP agrees well during

day, but Msat peaks at

small values during night
- default max = 200 gm-2

» Msat Retrieves large
particle size for both day
and night

- default =12 ym

* Msat underestimate
cloud optical depth
both day and night

- defaults at 8, 16, 20

* Defaults only used at night
for thick clouds
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Meteosat retrievals used CERES Ed2 lapse rates
- Ed4 lapse rates should improve agreement
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Objective

Compare CERES-MODIS ,‘

- low-level clouds, 62 day and



Marine Stratus height and Temp (Day)

Day

3 3 _ Surface Hbase= 0.537 std= 0.36; Htop= 1.284 std= 0.46

S —  CERES-MODIS Hbase= 0.684 std= 0.40; Htop= 1.368 std= 0.48
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e Mean cloud base & top height differences are only 147 & 84 m
e Average cloud temperature differences within 1.6 K



Cloud base temp, K
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. @ Surface-Sat=-0.147km Corr= 0.65 =~
SD= 0.58 RMSE= 0.28
3
w
s 2 |
g
Q S @
3 .
= * w *
T 1 .
2 .0
S ..f °
| ¥ .‘ o .
- @Nee o ®
0L . | |
0 1 2 3
CERES-MODIS Hbase, km
300 ) ‘ ‘
Surface-Sat= -0.4K Corr= 0.91
SD= 0.01 NRMSE= 0.1 P
290 — %0 i :
. e
[ ) ..
) 1 S
[ ) b
[ ) ‘\,@.
280 )
o
270 - =
260 ‘ \
260 270 280 290 300

CERES-MODIS Thase, K

Cloud top temp, K

Cloud top height, km (MSL)
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Correlation of
cloud top is 0.84,
higher than cloud
base (0.65)> This
is also
reasonable
because we
retrieve cloud top
first, then infer
cloud base.

Correlations of
cloud temps
are 0.92, very
high= This is
reasonable
because we
got cloud temp
first, then infer
cloud height



Without Temperature inversion (Day)

Day

3 3 _ Surface Hbase= 0.496 std= 0.34; Htop= 1.295 std= 0.46

= __ CERES-MODIS Hbase= 0.675 std= 0.37; Htop= 1.357 std= 0.46
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Conclusion: With/without inversion, the comparisons do not change
too much.



Marine stratus Height and Temp (Night)

Night
3 3 _ Surface Hbase= 0.574 std= 0.3%; Htop= 1.352 std= 0.46 !,
S _ CERES-MODIS Hbase= 1.020 std= 0.52; Htop= 1.686 std={}.55 Y
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 Mean differences (CERES/MODIS — ARM)
- heights: cloud base, 450 m; top, 330 m
- temperatures: cloud base, -1 K; top, -2 K



Cloud base temp, K

Night
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e Correlation of
cloud top is 0.74,
less than daytime
(0.84), but much
higher than cloud
base (0.21)

= need to improve
night cloud

thickness.

Correlations of
cloud temps are
0.82, less than
daytime (0.92),
but better than
cloud heights.



Marine stratus re/tau/LWP (Daytime) \
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Are = 1.5 ym;

ALWP = -11 gm-2



Effective radius, um

Marine Stratus Microphysical properties
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e Cloud optical depth and LWP highly correlated (~0.72)
* re less correlated (0.41)

- MODIS 3.7-um re represents cloud-top information
- ARM retrievals are layer-mean values



Effective radius (r,) retrieval differences -
Theoretically re(3.7)>re(2.1)>re(1.6)
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» Both LWC & re should increase from base to top if adiabatic (condensational growth)

* Cloud-top entrainment decreases LWC and re, drizzle enhances LWC & re near

cloud base "



Some cases follow adiabatic model, but more
than half cases with drizzles near cloud base
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What are the averaged profiles of re and LWC
retrieved from ARM radar-MWR?
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Marme stratus reltauILWP (nghttlme)
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 Mean re values are the same, ARM varies more than MODIS
« MODIS Tau & LWP are ~40% less than ARM results
- MODIS insensitive to tau > 6



Marine Stratus Microphysical
properties (Nighttime)
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Correlations are much lower than their daytime counterparts.
Nearly constant MODIS retrievals due to use of default values

for tau > 5.



What are the real vertical profiles of re and
LWC retrieved from ARM radar-MWR (night)?
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Same story as its daytime counterpart
with smaller re and higher LWC values



Normalized cloud height
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Normalized cloud height
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LWP, g/m’

LWP, g/m2
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Objective 3

Compare CERES-MODIS and ARM
- Multilayered clouds, 190 day and 170 night

ARM radar-measured highest cloud top with
CERES-MODIS retrieved ice top;

ARM radar-lidar measured lowest cloud base with
CERES-MODIS retrieved water base.




Cloud base height, km (MSL)

Cloud base temp, K
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Base  night-ICE
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£ MODIS cloud base & top heights biased high, temps biased low
Moderate correlations, ~0.55



PDFs of nghest cloud tops
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Daytime: MODIS & ARM PDFs have nearly same distributions
Nighttime: MODIS biased higher, but nearly same as day
ARM much lower than during day
- Is ARM radar missing high cloud tops at night?



Summaries

1) Compared to ARM, Meteosat overestimates cloud
base and top heights and effective radius, but
underestimated tau and LWP.

2) CERES Ed4 cloud base top heights in excellent
agreement with ARM radar-lidar observations
~ 100 m for daytime, ~ 400 m for night.
Temp differences are within 1-2 K with correlation ~0.92

3) Daytime: re/LWP/TAU agree well, high correlations (0.7),
Nighttime: larger differences in tau & LWP
low correlations (<0.2).



Backup slides



Without Temperature Inversion (Night)

Night
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The conclusion is the same as its daytime counterpart, the
comparisons do not change too much.



